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REMARKS 

Claims 1-3, 7-9, 11 and 13-29 are pending in the application. Claim 1 has 
been amended. Claims 4-6, 10 and 12 have been canceled. Claims 7 and 13- 
29 have been withdrawn from consideration. Claims 1-3, 8, 9 and 11 have been 
rejected. 

Claims 1-3, 8 f 9 and 11 have been rejected under 35 US.C. §112, first 
paragraph, for the reasons indicated on Page 2 and 3 of the Office Action. 
Specifically, the Examiner states that the copy of Hawjey's Condensed Chemical 
Dictionary , Eleventh Edition 1987, challenging the definitions of "epoxide' 1 and 
"epoxy resin" were not received, and further that The Handbook of Epoxy Resins 
on pages 1-1 and I-2 clearly differentiates between monoepoxide compounds and 
an epoxy resin defined "as any molecule containing more than one a-epoxy 
group.. .capable of being converted to a useful thermoset form." Applicants 
respectfully traverse the rejection. 

Applicants again attach for the Examiner's consideration a copy of the 
definitions of the terms "epoxide", "epoxy resin" and "resin" as they appear in 
Hawlev's Condensed Chemical Dictionary , Twelfth Edition, 1993. Neither the 
definition of "epoxide" nor the definition of "epoxy resin" state that an epoxy resin 
must contain at least two epoxy groups. 

Applicants also include herewith for the Examiner's consideration a copy 
of an excerpt from the Concise Encvlopedia of Chemical Technology . Kirk- 
Othmer, 4 th Ed. 1999, in which an epoxy resin is described as being 
"characterized by the presence of a three-dimensional ring known as the epoxy, 
epoxide, oxirane,.or ethoxyline group" (Emphasis added). There is no stated 
requirement for more than one epoxy group. 

Further, the definition of epoxy resin to which the Examiner refers in The 
Handbook of Epoxy Resins specifically states that "For the purpose of this 
book, an epoxy resin is defined as any molecule containing more than one a- 
epoxy group. .." (Emphasis added). Applicants submit that this limitation 
indicates that such definition is not a generally accepted definition in the art, and 
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that one skilled in the art would recognize that the term epoxy resin as recited in 
claims 1, 9 and 11 could include the epoxides octadecyleneoxide, 
epichlorohydrin, styrene oxide, vinytcyclohexene oxide and glycidyl methacrylate. 
Applicants respectfully request reconsideration and withdrawal of the rejection of 
claims 1-3, 8-9 and 11 under 35 U.S.C. §112, first paragraph. 

Claims 1, 2, 4-6 and 8-12 have been rejected under 35 U.S.C. §103(a) as 
being unpatentable over US 4,500,660 to Minamisawa et al. (hereinafter 
"Minamisawa") and Japanese Patent No. 64- or 01-060679 (hereinafter "JP 
^Q"). The Examiner states that Minamisawa sets forth nitrile rubbers having a 
Mooney viscosity of between 40 and 110 at 100°C such as a carboxyl-modified 
nitrile rubber wherein the nitrite rubber includes a copolymer of butadiene and 
acrylonitrile, and that it would have been obvious to formulate the composition of 
Miniamisawa and JP '679 with a carboxyl-terminated butadiene-acrylonrtrile 
copolymer having the Mooney viscosity disclosed in Minamisawa, thereby 
indicating a liquid state, in order to facilitate processability. Applicants 
respectfully traverse the rejection. 

Claim 1 has been amended to recite that the reactive liquid polymer (b) 
comprising a carboxyl-terminated butadiene-acrylonitrile copolymer is liquid at 
ambient temperature. Both Minamisawa and JP '679 disclose a composition 
comprising Nipol 1072, which is a solid acrylonitrile copolymer containing 
carboxy groups. Additionally, Nipol 1042 and Nipol 1043 are also solids, as 
evidenced by the Zeon Safety Data Sheet, a copy of which is attached for the 
Examiner's convenience. The Mooney viscosities disclosed in Minamisawa are 
measured at 100°C (212°F). Applicants' reactive liquid polymer, on the other 
hand, is liquid at ambient temperature. The Examiner's attention in this regard is 
directed to the specification at Page 17, lines 9-11, where Applicants state that 
the curable composition is "combined by blending at ambient or slightly elevated 
temperatures." One skilled in the art reviewing the teachings of Minamisawa 
would be guided to heating the copolymer in order to obtain a liquid polymer 
having the Mooney viscosity disclosed. 
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Because neither Minimasawa nor JP '679 does not disclose, teach or 
suggest the curable composition claimed by Applicants, Applicants respectfully 
request the withdrawal of the rejection of claims 1-3, 8-9 and 1 1 under 35 U.S.C. 
§1 03(a). 

Conclusion 

In view of the foregoing remarks and amendment, Applicants respectfully 
request reconsideration and a timely issuance of a notice of allowance for claims 
1-3, 8-9 and 11. In the alternative, entry of the amendment is requested for 
purposes of an appeal 

In the event any fees are due in connection with the filing of this 
document, the Commissioner is authorized to charge those fees to our Deposit 
Account No. 18-0988 under Attorney Docket No. BFGRP0313USB . In the event 
an extension of time is needed to make the filing of this paper timely and no 
separate petition is attached, please consider this a petition for the requisite 
extension and charge the fee to our Deposit Account No. 18-0988. 

In the event there are issues the Examiner would like to discuss with the 
Applicants 1 attorney, he is invited to contact the undersigned by phone. 

Respectfully submitted, 

RENNER, OTTO^JQUSSetbE & SKLAR, LLP 



1621 Euclid Avenue 
19 th Floor 

Cleveland, Ohio 44115-2191 
(216) 621-1113 

R;/MTyrpak/3REP/BF(5RP0313U$B Response to Final 




Neil A 
Reg. No 



26,725 
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Safety Data Sheet 91/155/EEC (gb) 

NBR-NipoUStandard-Standard 

Zeon Chemicals Europe Ltd. GB- Sully, CF64 5YU 










Revised: 12.09.2002 






Nipol 1Q00X 88 


Nipol 1032 Nipol 1052-30 


Nipol 35-5 SR 


Nipol 1000X 132 


Nipol 1032-45 


Nipol 1053 


Nipol 35-8 


NipoMOOlCG 


Nipol 1034-60 


Nipol 1002-80 


Nipol 40-5 


Nipol 1001LG 


Nipol 1041 


Nipol 1094-80 


Nipol HR 662 


Nipol 1002 


Nipol 1042 


Nipol 30-5 


Nipol HR 765 


Nipol 1014 


Nipol 1042X 82 


Nipol 33-3 




Nipol 1022 


Nipol 1043 


Nipol 33-5 HM 




Nipol 1022X 59 


Nipol 1051 


Nipol 33-8 HM 




Nipol 1031 


Nipol 1052 


Nipol 35-5 





Use: Rubber products 
Company: Zeon Chemical? Europe Ltd. 

South Glamorgan QB- Sully, CF64 5YU 
Phon« +44-1446-725 400 



Homepage: http^A*Mw^eon-europe.de 
eMail: 
Fax: +44-1448-747 9B8 
Emergency phono: +44-1446-725 400 



-100 



Substance BNEC3 CAS Range pq Symbol / R-phr. 

Acrytonicrile-Butadlene Polymer ~ ~~ 

No particular h azards known. 

General information 
None. 
Inhalation 
Not applicable. 
Skin contact 

Consult a doctor if skin irritation persists. 
Eye contact 
Not applicable, 
ingestion 
Not applicable. 
Advice to doctor 
Treat symptomatically. 



E 

Suitable extinguishing media 
Water spray jet Dry powder. Foam. 
Extinguishing media that must not be used 
Full water jet Carbon diaxida 

Special exposure hazards arising from the substance or 

preparation itself or combustion products 
Risk or formation of toxic pyrolysis products . 
Special protective equipment for firefighters 
Use self-contained breathing apparatus. 
Additional information 

Fire residues and contaminated firefighting water must be disposed of 
in accordance with the local regulations. 

Personal precautions 
Ensure adequate ventilation . 
Environmental precautions 



90Q3-1W 
None. 

Methods for cleaning up/taking up 

Take up mechsnicaJry. Dispose of absorbed material In accordance 
with the regulations. 

Advice on safe handling 

Use only in wall-ventilated areas, 

Advice on protection against fire and explosion 

No special measures necessary. 

Requirements for storage rooms and vessels 

No special measures required. 

Advice on storage compatibility 

Do not Store together with Ordering agents. 

Further information on storage conditions 

Keep container in a well-ventilated place. Store in a dry place. Protect 
•from light 

[few/ i ivttP^fe^ 

Additional advice on system design 

Ingredients with occupational exposure limits to be monitored 

Not applicable. 

Respiratory protection Not applicabia 

Hand protection Protective gloves. 

Eye protection Not applicabia 

Skin protection Not applicable 

General protective measures 
Avod contact with eyes. 
Hygiene measures 

wash hands before breaks and after work, use barrier sfdn cream. 
Form; Solid. 
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Safety Data Sheet 91/155/EEC (gb) 

NBR-Nipol-Standard-Standard 

Zeon Chemicals Europe Ltd. GB- Sully, CFS4 5YU 




Revised: 12.09.2002 



Colour 

Odour: 

pf+value: 

Bailing point TCJ: 

flash point [*C]: 

Fi&mmabflrty: 

Lower explosion limit: 

Upper explosion limit: 

Combustible properties: 

Vapour pressure [hPa]:(20 D C) 

Density [g/ml]: 

Solubility in water 

Partition coefficient: n-octanol / 



Yellow. 

Characteristic. 

Notapplicabla 
Not applicable. 



No 



Insoluble. 



Viscosity: Not applicable. 

Relative vapour density determined 
In air 

Melting point [°CJ: 
Autoignrtion temperature: 



Hazardous reactions 

If product Is heated above d e c omp o s ition temperature toxic vapours 
may be released. 

Hazardous decomposition products 

No hazardous decomposition products known. 



Acute oral toxicity 
Acuta dermal toxicity 
Acute inhalations! toxicity 
Irritant effect on eye 
Sensitization / Validation 
Chronic toxicity / Validation 
Mutagenicity / validation 
Reproduction toxicity / Validation 
Carcinogenicity / Validation 
Experiences made in practice 
None, 

General remarks 

No tttdcoioglcal data are av&Uabla 



LDSORst 
UD50 Rabbit 
LC50 Rat 



plant 



Biodegradable 
Not applicable. 
Fish toxicity 

Behaviour in « 

Notapplicabla 
AOX-advlce 

No dangerous components, 
General information 
Product is insoluble in wata 
Contains compounds of 76M64VEC 
Net applicable. 



Disposal I Product 

For recycling, consult manufacturer. Disposal in an incineration plant In 
accordance with Ihe regulations of Ihe local authorifes. 
Waste no, 070299 
Disposal t Contain Inatod packaging 

UncoTrtaminated packaging may be taken for recycling. Packaging that 
cannot be cleaned should be disposed of as for product 



ADR: 

Dangerous Goods 

Declaration: 

Labelling 

Factor. ADR 1.1 .3.64: 
Hazard-no: 



not classified as 
Dangerous, Goods 



AOR-Conditions for limited quantWes(LQ): — 
Dangerous G oods not classified as Dangerous Goods 

Declaration: 

Labelling — 



Inner packing, max.: 

Total gross mass of a 
package: 

IMDO-Codo: not classified as Dangerous Goods 

Dangerous Goods 
Declaration: 

Labelling 

Label: 



not classified as Dangerous Goods 



IMDG-Conditfons for limited quantities (LQ); 

Dangerous Goods 
Declaration: 

Labelling 
Label: 

Inner packing, max.: 

Total gross mass of a 
package: 



1ATA-OGR: not classified as Dangerous Goods 

Dangerous Goods 

Declaration: 

Labelling 



Labelling 

The product does not require a hazard waning label in accordance with 



EC directives 
Hazard symbols 



Chemfeburo D.G.Schroder TeL (0049) 0941-566-398, Fax (0049) 0941^566-994 www.chemlebuero.oW lrvb@cherniebuBro.da 
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Safety Data Sheet 91/155/EEC (gb) 
NBR-Nipol-Standard-Standard 

Zeon Chemicals Europe Ltd. GB- Sulfy. CF64 5YU 






Revised; 12.09.2002 



Not sppticable. 

Not applica ble. 



Regulatory Information 

■ 91/155 (2001/58) 
"677548 (2001/59) 

* 1999/45 (2001/60) 
•91/639(2001/118) 
-89/542 

% ADR (23.07,01) 

' IMDG-Code (30.AmdL) 

* IATA-DGR (2002) 

w Classification according to VbF 

* Water hazard class 

Modified position: 
01 
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1002 



was soon followed by a petroleum-derived prod- 
uct called coumarone-indene, which did indeed 
have the properties of a resin. The f rst synthetic 
elastomer was poiychloroprene (193 1), origi- 
nated by NieuwJand and later called neoprcne. 
Since then many new types of synthetic poly- 
mers have been synthesized, perhaps the most 
sophisticated of which are nylon and its conge- 
ners (polyamidcs, by Car others) and the inor- 
ganic silicone group (Kipping), Other important 
types are alkyds, acrylics, anunop lasts, polyvi- 
nyl haHdes, polyester, epoxies, and polyolefins. 

In addition to their many applications in plas- 
tics, textiles and paints, special types of synthetic 
resins are useful as ion-exchange media. 
See "Curnar." See also plastic, paint, fiber, film, 
elastomer. 

Note. Because the term "resin" is so broadly 
used as to be almost meaningless, it would be de- 
sirable to restrict its application to natural Or- 
gano-solublc. hydrocarbon-based products de- 
rived from trees and shrubs. But "m view of the 
tendency of inappropriate terminology to 4, gel M 
irreversibly, it is a losing battle to attempt to re- 
place "synthetic resin" with the more precise 
* 'synthetic polymer. * * 

See also note under gum, natural. 

resist. A material that will prevent the fixation of 
dye on a fiber, thus making color designs and 
pattern prints possible. The resist may act me- 
chanically, as a wax, resin, or gel which prevents 
absorption of the dye, or its accompanying mor- 
dant. Citric acid* oxalic acid, and various alka- 
lies are among the more common resists of the 
chemical type. 

resistor composition. A specially treated semi- 
conducting metal powder compounded with 
glass binders and temporary organic carriers. 
Can be applied to glass or ceramic surfaces by 
stenciling, Spraying, brushing, or dipping; firing 
range 704-760C Compositions can be blended 
with members of the same series to produce in- 
termediate resistance values « Fired resistors have 
good reproducibility, low temperature and volt- 
age coefficients, and stability to abrasion, mois- 
ture, and relatively high (125Q ambient temper- 
ature 

Use: To produce fired-on resistor components 
for electronic circuits. 

"Resist ox" ISCML TM for stabilized grades of 
copper powder assaying at greater than 99.% 
copper with a density 8.9 and apparent density 
range of 2.0-3.5 g/cm 3 . Marketed in several 
grades of various particle sizes. 
Use: Fabrication of porous bearings, sintered fer- 
rous machine parts, catalysts, magnesium chlo- 
ride cements, metal friction. surfaces, electric 
brushes, electrical contacts, metallic paints. 



resile. See C-stage resin, 
rtsltol. $ee B -stage resin. 

"Resmclal" [Borden]. TM for a resin-metal 
composition that when catalyzed converts to 
metaMike solid, Recommended for mold mak- 
ing, patching, forming, and general repair of 
metal surfaces and objects. 

resoL See A-stage resin. 

resdation. See resolving power. 

resolving power. The extent to which a lens can 
distinguish small particles and minute distances, 
i.e., fine structure. Hie human eye can resolve 
objects of 1 /250th inch (LOO microns) in any di- 
mension. The compound microscope has a re- 
solving power of 0.5 micron; an electron micro- 
scope can resolve fine structure as small as 5 A 
units, i.e., In the molecular range. Two factors 
determine resolving power; the wavelength of 
the radiation utilized and the focal depth of the 
lens. The resolving power: of a microscope is 
much more important than its ability to mag- 
nify, for no magnification, however large, can 
add detail to an image that was not first dis- 
cerned by the lens system. 
See also optical microscope; electron microscope. 

resoaance. (1) In chemistry, resonance (or me- 
somcrism) is a niathematical concept based on 
quantum mechanical considerations 0-e M the 
wave functions of electrons); it is used to de- 
scribe or express the true chemical structure of 
certain compounds that cannot be accurately 
represented by any one valence-bond structure. 
It was originally applied to aromatic compou nds 
such as benzene, for which there are many possi- 
ble approximate structures, none of which is 
completely satisfactory. 
See benzene. 

Hie resonance concept indicates that the actual 
molecular structure lies somewhere between 
these various approximations, but is not capable 
of objective representation. This idea can be ap- 
plied to any molecule, organic or inorganic, in 
which an electron pair bond is present. The term 
"resonance hybrid" denotes a molecule that has 
the property. Such molecules do not vibrate 
back and forth between two or more structures, 
nor are they isotopes or mixtures; the resonance 
phenomenon is rather an idealized expression of 
an actual molecule that cannot be accurately pic- 
tured by any graphic device. 

(Q In the terminology of spectroscopy, reso- 
nance is the condition in which the energy state 
of the incident radiation is identical with that of 
the absorbing atoms, molecules, or other chemi- 
cal entities. Resonance is applied in various 
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RESIN, SYNTHCTIC 



Derivation: From Ravwo/fia serpentina. 
Grade: U$P. 

Hazard: Carcinogen in animals, potential cancer 
risk iq humans. 

Use: Antihypertensive agent, tranquilizer. 

"Residue" {Ozark-Mahoning] . TM for a series 
of cpoxy curing agents. 

residutoil. A liquid or semiliquid product re- 
sulting from the distillation of petroleum and 
containing largely asphartic hydrocarbons. Also 
known as asphaltum oil, liquid asphalt, black 
oil, petroleum tailings, and residuum. Combus- 
tible. 

Use: Roofing compounds, hot-melt adhesives, 
friction tape, sealants, heating oil for large 
buddings, factories, etc. 

See also fuel oil. 

Note: Gasoline of 94 octane can be produced 
from residual oil In a high-temperature catalytic 
process, thus increasing the yield of gasoline 
from a barrel of crude by 33% when full-scale 
production is achieved. 

"Resimeiie" [Monsanto]. TM for mdamine 
and ureaformaldehyde resins. Supplied in or- 
ganic liquid solutions. The melamine is also 
available in water-alcohol solution and soluble 
spray-dry powders. 

Use: Paint, varnish, lacquer for automobiles, ma- 
chinery, appliances, construction; electronics, 
missiles; chemicals* pulp and paper. 

resin. A semisolid Or solid complex amorphous 

mix of organic compounds. 
Properties: It has no definite melting point and 

no tendency to crystallize. 
Derivation: Resins can be of animal, vegetable, 

or synthetic origin. 



QssHuNaO*. Alkaloid from cer- 
tain species of Ranwolfift. 
Properties: White or pale buff to cream-colored, 
odorless, crystalline powder; darkens slowly on 
exposure to light* more rapidly when in solu- 
tion; partially soluble in organic solvents; insol- 
uble in water; mp 238C (in vacuo). 
Use: Medicine (antihypertensive). 



A salt of the resin adds found in rosin. 
TTicy are mixtures rather than pure compounds. 
Use: See soap (2). 

"testa C* lAmedStgnal}. TM for a neutral 
synthetic coal-tar resin of high styrene content. 

Properties: light color, mp 115-123C, d 1.05. 
mineral oil cloud point 130-150C. 

Use: To impart alkali- and grease-resistance to 
floor tile. 



resin, ion-exchange. See ion-exchange resin. 

resin, liquid. An organic polymeric liquid that, 
when converted to its fioal state for use, be- 
comes solid (ASTM), e-g„ linseed oil, raw or 
heat-bodied (partially polymerized). 
See also drying oil; resinoid . 

resin, natural. (1) Vegetable-derived, amorphous 
mixture of carboxylic adds, essential oils, and 
terpenes occurring as exudations on the bark of 
many varieties of trees and shrubs. They arc 
combustible, electrically nonconductive. hard 
and glassy with conchoida) fracture when cold, 
and soft and sticky below the glass transition 
point. Most are soluble in alcohols, ethers and 
carbon disulfide, and insoluble in water. The 
best known of these are rosin and balsam, ob- 
tained from coniferous trees; these have a high 
acid content. Of more remote origin are such 
resins as kauri, congo, dammar, mastic, san- 
drac. and copal. Their use in varnishes, adhe- 
sives and printing inks i$ still considerable, 
though diminishing in favor of synthetic prod- 
ucts. (2) Miscellaneous types, Shellac, obtained 
from the secretion of an Indian insect, is still in 
general use as a transparent coating. Amber is a 
hard, polymerized resin that occurs as a fossil. 
Ester gum is a modified rosin. Amorphous sul- 
fur is considered an inorganic natural resin. Liq- 
uid resins, sometimes called resinoids, are repre- 
sented by linseed and similar drying oils. 

See also gum, natural (note); resin, synthetic 
(note). 

resinoid. Any thermosetting synthetic resin, ei- 
ther in its initial temporarily fusible state or its 
final infusible state (ASTM). Heat-bodied lin- 
seed oil, partially condensed phenol-formalde- 
hyde and the like, are also considered resinoids. 

restart* A coal tar distillation fraction contain- 
ing phenols. It is the fraction soluble in benzene 
but insoluble in light petroleum, obtained by 
solvent extraction of low temperature tars or 
similar "materials. Resinols are very sensitive to 
heat and oxidation. 

resin, synthetic. A man-made high polymer re- 
sulting from a chemical reaction between two 
(or more) substances, usually with beat or a cat- 
alyst. This definition includes synthetic rubbers 
and silicones (elastomers), but excludes modi- 
fied, water-soluble polymers (often called res- 
ins). A distinction should be made between a 
synthetic resin and a plastic, the former is the 
polymer itself, whereas the latter is the polymer 
plus such additives as filters, colorant, plasticiz- 
ers, etc. 

. The first truly synthetic resin was developed by 
Baekeland in 1911 (phenol-formaldehyde). This 
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469 EQUIVALENT ELECTRONS 



ances and gas storage vessels; adhesive for com- 
posites and for metals, glass, and ceramics; cast- 
ing metal-forming tools and dies; encapsulation 
of electrical parts: filament-wound pipe and 
pressure vessels; floor surfacing and waD panels; 
neutron-shielding materials; cements and mor- 
tars; non-skid road surfacing; rigid foams; oil 
wells (to solidify sandy formations); matrix for 
stained-glass windows; low-temperature mor- 
tars. 



crystalline scales; soluble in 



Abbreviation for ethylene propylene rub- 
ber, also for electron paramagnetic resonance. 

epsilon add* (l-naphthylamine-3 ,8-disulf onic 
add). C.^NHfctfOsH),. 
Properties: White, a 
hot water. 

Derivation: Naphthalene-l.S- and 1,6-suIfonic 
acids are nitrated and reduced, giving l-naph- 
thylamine-3 and 4,8-msulfooic acids. Separa- 
tion is effected by crystallizing out the acid so- 
dium salts of l-naphthylanune-3,g-disulfonic 
add. 

Use: Azo-dye intermediate, 

Epsom salts. See magnesium sulfate. 

EPT. Abbreviation for ethylene-propylene ter-» 
polymer. 

"EptacNo.l" U>uPonj\ t IM for zinc dimethyl- 
dhluocarbamate, an ultra^accderator for rub- 
ber. 

"Eptam" tftauf/erh TM for a selective herbi- 
cide containing etrryl-N.N-di-n-propylthiolcar- 
bamaie. 

EPTC. (S~*thyl m-N.N^prorjylthiocarbamatc) 
CAS: 759^*4. ^H^O^H,)* 
Available forms: Liquid and granular formula- 
rJons. 

Use: A pre-emergenc* herbicide. 

eq. Abbreviation for gram equivalent weight, 
i-e.i the equivalent weight in grams. Recom- 
mended as an international unit. 



Eqaana \Wyeth-Aycr*i\. 
meprobamate. 

UserSedativej 



Proprietary 



for 



equation of slate. The mathematical formula 
which expresses the relationships between pres- 
sure, volume, and temperature of a substance in 
any state of aggregation. 

equflferlum. (1) Chemical equilibrium is a condi- 
tion in which a reaction and its opposite or re- 
verse reaction occur at the same rate, resulting in 



a constant concentration Of reactants; for exam- 
ple, ammonia synthesis is at equilibrium when 
ammonia molecules form and decomposes at 
equal velocities (N 2 + 3H* ~ 2NH 3 ). 

(2) Physical equilibrium is exhibited when two 
or more phases of a system are changing at the 
same rate so that the net change in the system is 
zero. An example is the hquid-to-vapor-vapoT- 
to-liquid interchange in an enclosed system, 
which reaches equilibrium when the number of 
molecules leaving the liquid is equal to the num- 
ber entering it* 

equilibrium constant A number that relates the 
concentrations of starting materials and prod- 
ucts of a reversible chemical reaction to one an- 
other. For example, for a chemical reaction rep- 
resented by the equation tfAB + bCD ~ cAD + 
dBC the equilibrium constant would be /if — 
[(AD)c (BC)d ]/[(AB)*ff (CD)b ] Where a, 6, c, 
and d are the numbers of molecules of AB, CD, 
AD, and BC that occur in the balanced equation 
and CAD), (BC), (AB), and (CD) are the molecu- 
lar concentrations of AD, BC, AB, and CD in 
any mixture that is at equilibrium. At any one 
temperature/ K is usually at least approximately 
constant, regardless of the relative quantities of 
the several substances, so that when K is known 
it is often possible to predict the concentrations 
of the products when those of the starting mate- 
rials are known. The constant changes markedly 
with temperature- The constant can often be cal- 
culated from the relations of thermodynamics if 
the free energy for the chemical reaction is 
known, or by measuring all concentrations in 
one or more carefully conducted experiments. 

equilibrium diagram, (con stitutional diagram). 
(1) A simplified boiling-point diagram, showing 
for a liquid mixture the composition of the 
vapor in equilibrium with the liquid. (2) A chart 
showing the relation between a solution and the 
solids that may be crystallized from it, (3) A dia- 
gram showing the limits of composition and 
temperature in which the various phases or con- 
stituents pf an alloy are stable. 

eqmlparti&m, law of . Every particle, heavy or 
light, gaseous or liquid, and independent Of its 
chemical nature or fornu always possesses the 
same mean energy of translation at a given tem- 
perature. 

eqvJpotentiaJ energy. The energy existing at a 
constant potential throughout a system. 

equivalent dectroas. Electrons of equal azi- 
- muthal quantum numbers and principal quan- 
tum numbers. They have identical orbital prop- 
erties but may have a difference in sign of their 
orbital moments. 
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second crystal. This behavior is characteristic of 
some types of hi&h polymers. 

EPN* (o-ethyl-o.p-nitrophcnyl phenylphosphor- 
othioate). CAS: 2104-64-5. 

Properties: Light yellow crystals, mp 36C, d 
1 .5978 (3QC), insoluble in water, soluble in most 
organic solvents, decomposes in alkaline solu- 
tions. 

Grade: Wettable powders and dusts. 

Hazard: A cholincsterase inhibitor, absorbed by 

skin, use may be restricted. TLV: o.s rag/ra 3 of 

air. 

Use: Cotton insect pest control, acaricidc. 

"Epolene" {Tennessee Eastman}. TM for a se- 
ries or low-molecular-weight polyethylene res- 
ins. Available in both emulsifiablc and non- 
ernulsi liable types. 

"Eponol** Resins, TM for high-molecular- 
w eight linear copolymers of bisphenol A and 
epichlorohydrin; produce outstanding surface 
coatings by solvent evaporation alone. 

M £pon" Resins VShefl}- TM for a scries of con- 
densation products of epichlorohydrin and 
bisphenol-A having excellent adhesion, 
strength, chemical resistance, and electrical 
properties when formulated into protective coat- 
ings. adhesives, and structural plastics. 

^Epotur' IReichhold]. TM for epoxy resins, 
epoxy hardeners, and epoxy esters used as coat- 
ing vehicles. 

epoxldation. Reaction in which olefinic un- 
saturation is converted to a cyclic three- 
me inhered ether by active oxygen agents. 

epoxide. An organic compound containing a re- 
active group resulting from the union of an oxy- 
gen atom with two other atoms (usually carbon) 
that are joined in some other way as indicated: 



This group, commonly called "epoxy/ 1 charac- 
terizes the epoxy resins. Epichlorohydrin and 
ethylene oxide arc well-known epoxides. The 
compounds are also being used in certain types 
of cellulose derivatives and fluorocarbons. " 

epixitizedfiiueedoD. See M Drapex" [*7rco]. 

"Epoxjbond" [ Atlas]. TM for an epoxy adhe- 
sive putty in stick form. 



1 ,2Hcpaxybi!ane. See 1 , 2-butylene oxide. 

3,4-epoxycydohex*de carbonrtrile. 
(XQH,)CN. 

Properties: Liquid, d 1.0929 (20/20Q, bp 

244.5C, fp -33C, soluble in water. 
Hazard: Toxic by skin absorption, ingestion, and 

inhalation. 

Use: Intermediate, stabilizer, 
epoxyetnane. See ethylene oxide. 
2r3-epoxy-2-ethylhexAP0l. 

C 3 H,CHOC(C 2 H5)CH 2 OH. 
Properties: Liquid, d 0.9517 (20/20C), bp (de- 
composes), fp -65C, slightly soluble in water. 
Combustible. 
Hazard: Skin irritant- 
Use: Stabilizer, intermediate. 

epoiy novolak* Epoxy resin made by the reac- 
tion or epichlorohydrin with a novolak resin 
(phenol-formaldehyde; see novolak). These 
have a repeating epoxide structure which of rers 
better resistance to high temperatures than the 
epichtorohydrin-bisphenol A type, and are espe- 
cially useful as adheshres. 

2,3-epoxy-l-propauoL See glycidol. 

epoxy resin. A thermosetting resin based on the 
reactivity of the epoxide group. One type is 
made from epichlorohydrin and bisphenol A. 
Aliphatic polyols such as glycerol may be used 
instead of the aromatic bisphenol A. Molecules 
of this type have glyddyl ether structures, 



-OCHjCHOCH* in the terminal positions, have 
many hydroxyi groups, and cine readily with 
amines. * 

Another type is made from polyolefim oxi- 
dized with peracctic acid. These have more ep- 
oxide groups, within the molecule as well as in 
terminal positions, and can be cured with anhy- 
drides, but require high temperatures. Many 
modifications of both types are made commer- 
cially. Halogenated bisphenols can be used to 
add flam** etardant properties. 
See also epoxy novolak. 

The reactive epoxies form a tight cross-finked 
polymer network and are characterized by 
toughness, good adhesion, corrosive-chemical 
resistance, and good dielectric properties 

Most epoxy resins are the two-part type which 
harden when blended. A one-component liquid 
type for filament winding and a pelletized type 
for injection molding are available under the 
TM "Amox." 

Hazard: Strong skin irritant in uncured state. 
Use: Surface coatings, as on household apph- 
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usually treated with an rv-anmlriistered pressor amine, including 
isoproterenol (be to agonist selective) HE, E, DA, and dobutamine. E 
is also the- primary treatment for anaphylactic shock. E is commonly 
included in local anesthetic solutions to promote heme stasis, and by 
vasoconstriction to reduce absorption resulting in prolongation of 
anesthesia. Several related ovmpathomiinetic vasoconstrictor amines 
(eg, phenylephrine hydrochloride) are used for nasal enngeetion. Be- 
cause of their relaxation of bronchial smooth muscle, E and selected 
beta-2 agonists are used to antagonize the bronchoepaBni observed in 
asthma, NE is used for treating hypotension during anesthesia when 
tissue perfusion is good. 

Alpha-adrenergic blocking agents such as prazosin (alpha- 1 selec- 
tive), which causes vasodilation in bath arteries and veins without 
usually causing reflex tachycardia, are used to treat mild to moder- 
ate hypertension. Nonselective beta-adrenergic antagonists such as 
propranolol are used in the treatment of hypertension (usually with 
a diuretic), as prophylaxis in angina pectoris, and for prophylaxis 
of supraventricular and ventricular arrhythmias and other selected 
disorders. Selective beta-1 adrenergic antagonists such as metopro- 
lol are used inamly for the treatment of hypertension. In addition, 
donidine (an alpha-2 agonist) and methyldopa (metabolized to alpha- 
methytaorepmephxine in brain) act centrally on vasomotor centers of 
the brain to reduce sympathetic outflow to the peripheral vessels and 
thus are used, bat to a lesser extent, in the treatment of hypertension. 

In Parkinson's disease, treatment with the amine precursor DORA, 
(with the decarboxylase inhibitor carbidopa), has been shown to ame- 
liorate the symptoms and signs of the condition and prolong life. 

There are several other disorders of the central nervous system 
in which catecholamines have been shown to be involved and drugs 
that affect the actions of catecholamines have a therapeutic action. 
Dopamine receptor antagonists that encompass several chemical 
classes such as phenothiazines (eg, chlorpromazdne, bntyrophenones 
(eg, haloperidol, and thicocanthene derivatives (eg, chlorprothixene, 
are prescribed for the management of both acuta and chronic psy- 
choses and in nonpsychotic individuals who are delusional or excited 
(eg, mania). In the treatment of depression, most antidepressants 
are believed to improve mood by increasing catecholamine and/or 
serotonin concentrations. 

Besides behavior and blood pressure, catecholamine neurons also 
have important roles in other brain functions. Regulation of neuroen- 
docrine function is a well-known action of catecholamines; for example, 
DA agonists reduce serum prolactin concentration, especially in condi- 
tions of hypersecretion. Ingestive behavior can be modulated by brain 
catecholamines, and some appetite-suppressing drugs are believed to 
act via catechol amincrgic influences. Catecholamines also participate 
in regulation of body temperature. 

Toxicity 

Untoward effects of both E and NE (usually to a lesser degree) are 
anxiety > headache, cerebral hemorrhage (from vasopressor effects), 
cardiac arrhythmias, especially in presence of digitalis and certain 
anesthetic agents, and pulmonary edema as a result of pulmonary 
hy p er t e n sion- The minimum subcutaneous lethal dose of E is about 
4 mgj but recoveries have occurred after accidental overdosage with 16 
mg Bubcutaneously and 30 mg intravenously, followed by immediate 
supportive treatment 

THOMAS £L PUCSLEY 
Warner- L#jnhert/Parke-DaTifl 
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EPOXY RESINS 

Epoxy resins are characterized by the presence of a three?] 
ring known as the epoxy, epoxide, oxiraoe, or cthoxyhne era 
Commercial epoxy resins contain aliphatic, cycle aliphatic, or 
backbones. The capability of the epoxy ring to react with a 
substrates imparts versatility to the resins. Treatment with 
agents gives insoluble and intractable thermoset polymers, 
to feriBtata processing and modify cured resin properties, 
constituents may be included in the compositions: fillers, so] 
diluents, plasticizB*a, accelerators, curatives, and toughenerfi. 

Resin Properties 

Epkhforvhydrm and Bfcph&tol A-Perived Resins. The most 
used epoxy resins are diglycidyi ethers of bisphenol A (1) derived 
bisphenol A and epichlorohydrin. - % ' 



CH/-CHOh-{ 



on 

^OCHaCHCHi^' 



The outstanding performance dmnitfrn-iatice of the resins are 
veyed by the bisphenol A moiety (toughness, rigidity, and elev 
temperature performance), the ether linkages (chemical 
and the hydroxy! and epoxy groups (adhesive properties and 
latjon latitude, or reactivity with a wide variety of chftiniral 
agents) (see also PHENOLIC tosstns). r- 

The bisphenol A-derived epoxy resins are most frequently 
with anhydrides, aliphatic amines, or polyarnides. 

Diluents are cornmonly used to reduce the viscosity of epa 
systems to aid handling;, improve ease of application, and to fccflitfl 
higher filler loading to reduce formulation cost. This, howevaL 1 
achieved at the expense of other properties. To achieve * >slanc| 
properties, careful sdectioTi of diluent is needed. 

Specialty Epoxy Resins. In addition to bisphenol, oVokt ; j U0M 
such as aliphatic glycols and novolaks are used to produce spedi 
resins- Epoxy resins may also include compounds based on shpli#_ 
cycloaliphatic, aromatic and heterocyclic backbones- Cxlyddylalijgr 
of active hydrogen-containing structures with epiimlOTobydrm 
epoxidatjon of olefin? with peracetic acid remain the important, 
mercial procedures for mtjttducing the oxirane group into 7srig$ 
precursors of epoxy resins. 

Spoxy Crtsol-Novolak Resins (ECN). The creaol-; , 
resins C2) are multifunctional, Solid polymers charact Bribed by, 
ionic and hyd^olyzable chlorine impurities, high chemical ~ 
and good thermal performance. ECN resins are widely used &a 
components in high performance electronic and structural mo,, 
compounds, high temperature adhesives, castings and Jaxnniflgj 
systems, tooling applications, and powder coatings. 





GH; 

T— 



CHs 



(2) 



The epoxy cresol-novolak resins (2) are prepared try 
of o-cresol-formaldehyde condensates in the same manner am ^ 
nol— novolak rosins. 

Bisphenol F Xesio. Bisphenol F epoxy resin la of the 
structure as the epoxy phenol novolaks. Bisphenol F is 2,5r- 
bisphenol. 

Owing to relatively low viscosity, these resins offer a< 
100* solids CBolvent-free) systems. Higher filler levels 
because of the low viscosity. Faster bubble release is sis 0 
Higher epoxy cxmfcenl and functionality of bisphenol F eT 
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jjp^Vide improved chemical resistance compared to conventional 

^Sj^enbl F epoxy resins are used in high-solids -high-build sya- 
aiicb a* tank and pipe linings, industrial floors, road and bridge 
<Qia ^IH toppb&> structi 11 * 1 adhesives. grouts, coatingB, and electrical 

e ^*a^B ^^^gg^ Pispheiiol F epoxy resins axe manufactured in Europe and 

^\^xy phsnol-Novalsk Resins. Epoxy phenol-novalak resins are 
^^^ted by the general idealized structure ($) whereby multifunc- 
^^pfoducts are formed containing a phenolic hydroxy! group per 
pjieuyl ring fa random para-para', ortho-para', and ortho -ortho' 
eoniirinationfl. 

Subsequent ep oxidation with epichlorohydrin yields the highly 
Actional epoxy novolak- The product can range from a high viscosity 
tfquid of 7i r* 0.2 to a solid of n value greater than 3. 



CH. CH* 

r v r v 



The thermal stability of epoxy phenol— novolak resin B is useful 
in adhesives, structural and electrical laminates, coatings, castings, 
and encapsulation* for elevated temperature service. Filament-wound 
pipe and storage tanks, liners for pumps and other chemical process 
aqoipment, and cerroaion^reaiatant coatings are typical applications 
using the ch em i cally resistant properties of epoxy novolak resins. 

Curing agents that give the optimum in elevated temperature 
properties for epoxy novolaks are those with good hagh temperature 
performance such as aromatic ami nee, catalytic curing agents, 
pbenobes, and some anhydrides. 

Polynudear Phertol-Gfycidyt Ether-Derived Resins* This is one of the 
first conuDercially available polyfunctional products. Its polyfunction- 
aliry permits upgrading of thermal stability > chemical resistance, and 
electrical and mechanical properties of bisphenol A— epoxy systems. It 
u used in molding compounds and adhesives. 

CydvaVphatic Epoxy Rtsins. This family of aliphatic, low viscosity 
epoxy resins consists of two principal varieties, cycloolefms epoxidized 
'with pcracetic acid and diglycidyl eaters of cyclic dicarboxylic acids. 

The nonaromatic nature of these materials provides for improved 
uv- resistance and arc-track resistance compared to conventional epox- 
ifia. The best properties are generally achieved with anhydride 
phenolic curing agents. 

Recommended applications include transformers, insulators, bush- 
ings, vrire and cable coatings, generators, motors and ewrtchgear, ad- 
ditives for adhesives, vinyl stabilization, and as viscosity depressants 

Aromatic and Heterocyclic Gfycrdyl Amine Resins, Among the spe- 
cialty epoxy resins containing an aromatic amine backbone, the follow- 
ing are connncrdaUy significant. 

T^glyckiyimeihyi^ed^niline-Derived Resins. Resins from aro- 
etycidyl amines can be formulated into hot-melt or solution- 
Wteme with various reinforcementa, eg, glass, graphite, 
or a^amid. They are utilized far graphite-ieinforced composites 
ia aerospace and leisure products, structural adhesives, laminates, 
™i&g and casting applications, and structures such as wings *wrf 
njselageB. 

ijilS^^ P-Aminophenot-Derived Resins. Resins derived from 
?*TOd7l P-aminophenoI, originally developed by Union Carbide 
currently marketed by CIBA-GEIGY. SynthesiB is eon- 
by 'reaction of eptchlorohydrin with the phenolic and amino 
P*]* 9 followed by dehyurohalogenation. The product is a viscous 
2 (l ^ BPa,s C15-50 V) at 25'C) which is considerably more re- 
d ^^*ard ammes than standard bisphenol A-derived resins. 
*^?*rto increase heat resistance and cure speed of bisphenol A 
jJJg^^Bfli it has utility in such diverse applications as adhesives, 
T compounds, end laTrifngfrinp systems. 



Trtezine-Btted Resin. Triglycldyl isocymrurate is a solid resin that 
provides superior thermal, electrical, and mechanical properties and 
is recommended for laminates, insulating varnishes, coatings, and ad- 
hesives. Widely used as a curing agent for special polyester-based 
weatiierable powder coatings, it is also used in electronic applications 
owing to its retention of optical transparency after aging at tempera- 
tures up to 150'C and •minima^ flmolcB evolution on thermal decompo- 
sition (see Embedding). 

The triaxxne ring-cmitaining product 1, 3,5-tri glycklyl iaocyanurate 
is synthesized by giycidylation of qyanuric acid with enkhlorohydrin. 

Resin Synthesis and Manufacture 

Epichlorohydrin and Bisphenol A-Derived Resins. Liquid epoxy 
resins may be synthesized by a two-step reaction of an excess of 
epichlorohydrin to bisphenol A in the presence of an alkaline catalyst. 
The reaction consists initially in the formation of the dkhlorohydrin 
of bisphenol A and further reaction by dehydrohalogenation of the in- 
termediate product with a stoichiometric quantity of alkali. 

In recent years, production of liquid resins of higher purity, 
ie, h igh ft monomer content and fewer side-reactions, has been 
accomplished. This is in response to more stringent product quality 
requirements. 

Aliphatic Gtyodyi Ethers. Aliphatic epoxy resins have been syn- 
thesized by giycidyiation of difunctional or poryfonctional poryola 
such as a 1,4-butanediol, 2^-diracthyl-l,3-propanediol (neopentyl 
glycol), polypropylene glycols, glycerol, trimethyiolpropane, and 
pentaerythritoi. 

The erxnudatiai) is generally conducted in two steps; CI) the polyul 
is added to epichlorohydrin in the presence of a Lewis acid catalyst 
(stannic chloride, baron trifjucride) to produce the chlarohydrm inter- 
mediate, and (2) the intermediate is dehydrohakgenated with sodium 
hydroxide to yield the aliphatic glycidyl ether. Solid epoxy resins are 
prepared by the Taffy or Advancement processes. 

Taffy Process. Bisphenol A reacts directly with epirh 1 nrohydrin in 
the presence of a stoichiometric amount of caustic. The molecular 
weight of the product is governed by the ratio of ernchlorohydrin- 
bisphenol A. In practice, the taffy process is generally employed for 
only medium molecular-weight resins (n = 1—4). 

Advancement Process. In the advancement process, sometimes re- 
ferred to as the fusion method, liquid epoxy resin (crude diglycidyl 
ether cf bisphenol A) is chain-extended with bisphenol Am the pres- 
ence of a catalyst to yield higher polymerized products. The advance- 
ment process is more widely used in commercial practice. 

In recent years, proprietary catalysts for advancement have been 
incorporated in precataryzed liquid resins. Thus Only the addition of 
bisphenol A is needed to produce solid epoxy resins. Use of the cata- 
lysts is claimed to provide reeins free from branching which can occur 
in conventional fusion processes. Additionally, use of the catalysts re- 
sults in rapid chain-extension reactions because of the high amount of 
beat generated in the processing. 

The preparation of flame- retard ant epoxy resins is accompanied by 
inclusion of tetrahromolnsphenol A in the advancement process (see 
FLAME REEAEDANT9), Products containing ca 20 wt % Br are extensively 
employed in the printed circuit board industry. 

Liquid reains containing bromine (ca 49 wt %) can also be prepared 
directly from tetrsbroniobisphenol A and ep ir - hlor ohydrin and are used 
for critical applications where a high degree of flame retardancy is 
required. 

Curing Reactions 

A variety of reagents has been described for converting the liqmd and 
solid epoxy reams to the cured State, which is necessary tor the devel- 
opment of the inherent properties of the resins, liquid epoxy resins 
contain mainly epoxy groups and solid resins are composed of both 
epoxy and hydroxyl curing sites. The curing agents or hardeners are 
categorized as either catalytic or core active and the functional groups 
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